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SUMMARY—The recovery of polio virus Inoculated into a variety of foods was studied as
8 function of four food processing operations: freeze dehydration, “’pasteurization”” by
exposure to Cobalt-60 gamma lrradiation, refrigerated storage at 4°C, and storage at
20°C. In general, a decrease in virus recovery was noted following each of the cperations.
Complete loss in recoverability was observed only in highly acid foods (below pH 2.9)
stored at 20°C for 96 or 168 hr. Use of a DEAE Sephadex chromatographic column was
found to have potential application for separation of virus foods.

INTRODUCTION

INGESTION OF cerfain foods has been
epidemiologically associated with out-
breaks of severat acute and chronic viral
discases (Becker, 1966: Berg. 1964:
Cliver, 1966; Dack, 1964: Lemon, 1964).
These firdings suggest that low concentra-
tions of viruses infective to man can gain
entrance to foods during their production.
processing, or preparation. While it is
Znown that viruses do not multiply out-
side the living ceh, little is known concern-
ing the survival of virus in processed
foods.

‘Information on the survival of virus in
processed foods is nc essasy to an under-
standing of the epidemiology of food-
borne virus discases. Food procesess de-
signed for the destruction or control of
bacteria, fungi, or molds cannot be as-
sumed {o remove or destroy food-borne
viruses (Heidelbaugh et al., 1968a).

In the studies reported here, polio virus
was inoculated into foods. and the re-
coverability of the virus was determined
after the foods were subjected to a food
processing operation. The processing op-
cration employed was either: freeze de-
hydration. “pasteurization™ by cxposure
to Cobalt-60 gamma irradiation. refriger-
ated storage at 4°C, or storage at 20°C,
The foods were selected as representing
types that would normally be congide.ed
for processing by the respective operaion
emploved.

MATERIALS & METHODS

Viruses

Polio virus Typ= I strains, Mnhoney
(PIM), and LS_*AB Sabin (PIS). were used
in this study. The PIM stock suspemion con-
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tained 1 X 10° plaque-forming units (PFUj/
ml. The PIS stock contained 5§ x 10° PFU/
mi. The stock viruses were suspended in
Eagles basal medium (Eagle, 1955} with
Hanks' balanced salt base (Hanks et al.
1949). Both stock suspensions were stored
at —70°C until used. Virus gilutions were
made in Hanks' balanced salt solutions
{BSS}.

Virus titraticn

The Ss line of Hela cells was used to
propagate and tilrate the virus by plaque
count technigue using a nutrient agar over-
lay. The cells were grown in suspension in
Eagle's basal medium with Hanks' balunced
salt base supplemented with 19% calf scrum,
The monolayers were prepared 24 hr prior
to use by seeding plaque bottles with 4-6 X
10* cells in 10 ml of medium. The plaque
bottles were tightly closed glass bottles pre-
senting approximately 75 x 12 mm of flat
surface atea. Appropriate tenfold seriaf dilu-
tions of the samples to be titrated were pre-
pared using Hanks' BSS, and 0.2 mi of each
dilution was added to cach of 4 bottles. The
monolayers were then incubated for 30 min
at 37°C after which they were overlayed
with Eagle's medium containing 155 agar.,
After 48 hr of incubation, the cultures were
stained by adding § ml of 0.01% neutral red
in Hanks” BSS to each bottle for 30 min.
Plaques were counted 4-12 hr following
staining.

Inoculation of food and preparation for
recovery of virus. Each test sample of food
consisted of 9 g of food inoculated with 1
ml of the virus stock being studied. Follow-
ing inoculation and processing, each food
sample was prepared for recovery of virus by
taking the entire sample and blending in a
sterile mortar and pestle while diluting with
%0 ml of Hanks® BSS. This preparation was
poured through sterile gauze following which
the filtrates were centrifuged for 10 min at
2,700 x G in 100 m! centrifuge bottles. The
supernatant fluid was decanted and filtered
through a Millipore filter ({HA 47 mm 0.45x)
using a stainless steel wire support, All fil-
t;ates were titraied by determining the PFU/
ml in triplicate or quadruplicate for each of
4 tenfold serial dilutions in Hanks' BSS, The
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resulting titers were reported as titer of food
filtrate.

Preparation of Scphadex column cluate
for virus titration. ‘To study the usefulness of
a Sephadex column for separation of virus
from foods, some of the triturated and fil-
tered inoculated food samples were titrated
directly, and also after elution from a Sapha-
dex column, The column was prepared using
DEAE Sephadex A-25, medium grade, which
was allowed 1o swell in water. Following
swelling, the fines were removed and the gel
was washed in sequence by 0.SN hydro-
chloric acid, water, 0.3N sodium hydroxide,
water, and neutralized with 05N hydro-
chioric acid. The gel was then suspended in
M/13 phosphate buffer (pH 2.5) und packed
by pouring the suspension into 14 em X 1.2
cm glass columns, No attempt was made to
sterilize either the column or the gel.

Two ml of the food filtrate were 2ntered
into the top of the column and allowed to
fiow through the column by gravity, The
clution of all columns was cartied out at
room temperature with M/15 phosphate buf-
fer at pH 7.5. The first 3 ml cluate was dis-
carded and the next 5. ml- were-collected
{Giron, ct al,, 1964). Virus content of - this
cluate was determins  and th. resulting titer
reparted as titer of DEAE Sephadex cluate
of food-filtrate,

Recovery of virus from foods-after freeze
debydration. Five foods were prepared ac-
cording to guides for the produciion of foods
intended for space flight feeding systems
{Hollender ct al.,, 1965), These foogs were
German potato salad (pH 4.9), beef and
vegetabias (pH 5.7). beef pot roast (pH 5.8).
chicken with gravy {pH 6.1). and salmon
salad (pH 6.1). Tve 9 g samples of cach of
the five foods ware inoculated with 1 mi of
the stock suspension of FIM.

Following inoculation, each food was split
into two samples. both of which were frozen
by holding at —20°C for 24 hr. One sample
of cach frozen food was selected at random
and freeze dehydrated for 24 hr at a pres-
sure between 50 and 150 x of Hg with 2
platen temperature of 21.8°C and a con-
denser temperature of —51°C. In this man-
ner, all dehydration was performed on the
samples simultancously. Following dehydra.
tion the foods were immediately placed in
individual jars with tightly fitting screw caps
and held at —20°C until it was convenient
for virus titration, It was assumed that no
change in virus recoverability occurred dur-
ing the —20°C storage. Randomly selected
specimens of the dehydrated and nondehy-
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drated foods were titrated within & Jd-week
period following dchydration, The dehy-
drated samples were rehydrated m‘mediately
prict to titration by adding the quanmy of
water specified in the production guides,
This entire sequence of procedures was per-
formed three times and virus titers reported
as arithmetic mean values,

Recovery of virus from fish fillets after
exposure to Col alt-80 gamma irradistion,
Fourteen 9 g samples of frozen dressed
Whiting fish were inoculated with I ml of
the PIS stock suspemion, Following inocula-
tion the food samples were irradiated using &
6-kilocuric Cobalt-60 sovrce (Hardy et al.
1965) of parvma irradiatton. The samples
were remaved for virus recovery after 0. 15),
300, 375, 450, 525 and 600 Kilornd total dose

v obtained. Dose rate was 1 kilorad/min,
Roth filtrates and DEAF Scphadex colunmin
cluates of the filtrates of the irradiated fish
were titered to determiae virus recoverabilivy

Susnensions of the virus were prepared by
dilution in Hanks’ BSS to contain about the
same titer as that recovered from the non-
irradiated fish {4.2 % 10° PFU/mi). These
suspensions were irradiated at the same time
as the fish fillets with the following total
dosages: 0, 75, 150, 225, 300, 375, 450, 535
and 600 kilorads, Following irradiation the
sispetisions were titrated both directly, and
after pissage throigh a Sephadex ¢olumn,

Each fish fillet specimen and virus suspen-
sion was contained in an individual glass bot-
tle packed in melting ice (R°C} at all times
during the irradintion. This entire sequence
of procedures was performed thres times and
viras tilers reported as arithmelic medans,

Recovery of slrus from foods following
soruge at 4 and 20°C, Eight 9 g sumples of
cach of five differemt foods were inoctlated
with I m} of stock suspension of PIS. The
five foods consisied of four commercially
prepared itenis and one experimental food.
The commercial foods were canned jellied

cmnberry sauce {pH 273, recomtituted
imzm concentrated orange juice (pH 2.9},
m.zwnn'usc tpH 4.2) and “pork “junior food™
(pH 5.6). The experimental food (pH 1)
was o nutrient defined formula, which had
been previousiy devetoped for physiclogical
sitidies { Heidelbaugh et al. l968b). The nu-
trient defined formula diet is formulated as
follows; dry powdered skim milk, 40 g
sucrose, 20 g lactose, 20 g: dexirose and
maltose, 100 g coffee whitencr, 100 g so-
dium cascinate. 17.5 g sodivm chloride, 1.5
g and magnesium oxide, 0.1 g This food
was reconstituted before addition of vifus.
The pH of all foods was determined using
a Beckman Zeromatic pH meter,

Following virus inoculation, half of the
food samples were stored at 4°C and the
other hailf 21 20°C. Individual samples were
stored for 4%, 96, and 168 hr. Following
storage the recoverability of virus was de-
tetmined by titration of DEAE Scphadex
column cluates of filirates of the foods, This
entire sequence of procedures was repeated
onge with virus titers repoﬂcd as arithmetic_
means,

RESULTS .

Polio virus survived the freeze dehy-
dration process in all the foods tested.

Table 1—Recovery- of polio virus! from
foods alter {reeze dehydrationt

Titer Titer
without ° ‘after
Food dehydratica vdehy dration

Gsrm.mpmmo,il.nd 3.0 x {08y .3 X 10%

Beofand vegetables 3.0 X 104 6.0 ¥ 107
Beel pot roast Jox 10 59X 10
Chicken with griny 2.6 X 108 2,9 X 10?
Salmon salad 23X W 69X 102

tml sirus stock in

9ml Hanks' bal-

anced salt solution 4.0 X 10¢ 20X
Iml virus stock in

9 mi water .5 x 10 4.0 100

TNine ¢ samiples of food incculated with 1 mi
of virus stk suspension containing 1 X 16°
plaque forting units (PFL?) ‘mi polio-virus yne !
Makoaoy strain in Eagle's basal medium with
Hanks' dalanced salt base.

? Freeze dricd at 50 to 150 u of Hg pressure.
comdenser wemperature = $1°C, platen tempera-
tere 20.8°C.

3 Mean PRUat of guadcuplicate tittations of
vach sample from tiree studivs,

The resulty of these studic. are presented
in Table 1, The average titer of recover-
able virus was between 3 to 4 logs Tess in
the freeze dehydrated food compared to
the food that was not dehydrased. The
loss in titer of the stock suspension di-
Iuted in Hanks” BSS was equivalent to
the Joss in the foods.

in the studics of recovery of polio virus
from irradiated fish fillets, it was observed
that a total dosage of 600.000 rads was
sufficient to produce approximatcly 99%
reduction in recoverability of the virus,
These resuits and the results of the studics
of virus recovery from the suspension are
shown in Table 2. Within the ash fillat
samples the average percentage recovery
of virus from the cluates of the DEAE
Sephadex was high compared 16 recovery
directly from the food filtrates. A correla-
tion coeflicient (Bancroft. 1957) of =014
was calculated for the relationship be-
tween the change in titer-in the irradi-
ated fish filtrates and that of the irradiated

suspensions of virus.

Table 3 shows the results of the recov-
oty of polio virus from the DEAE Sepha-
dex column cluates of filtrates of foods
stored at 4 and 20°C for 0, 48, 96, 168
hr. Compared to controls virus recovery
veas gencrally high from all foods at 4°C
with ¢xception of the highly acid foods,
cranberry sauce and orange juice. A com-
parable pattern of recovery was observed
in the group of foods held ot 20°C ex-
cept the pork product, which exhibited a
higher retention of recoverable virus that
the controls, After 48 hr all the foods
storcd at both temperatures studied ex-
hibited an increasing degree of spoilage.

DISCUSSION

The results of virus recovery from the
foods following frecze dehydration sug-
gest that fer the foods studied, this pro-
cessing operation may be expected 10 re-
duce polio virus recoverability by about
74.9%. The average percentage of re-
covery of virus from the food was not ap-
prccmbly different from the recovery ob-
served in the Hanks' BSS,

The recovery of virus from the freeze
dehydrated stock suspension diluted with
water was unexpected, Polio virus has
been considered as relatively Iabile during
laboratory lyophilization, This suggests a
possible difference in the effects on virus
survival from the freeze dehydration con-
ditions studied compared to usual proce-
dures employed for virus lvophilization.

The total dosage of Cobalt-60 gamma
irradiution given in this study was in the
range of those usually considered effec-
tive for “pasteurization™ of foods (..
300,000 16-600.000 rads), The poor cor-
refation between rate of loss of virus i
the fillet samples compared to the virus
in the suspensions suggest a significantly
greater Joss in recoverability of virus from
the food. The data show an approximately
tenfold greater drop in virus tuer in the
fish fillet compared to that of the suspen-

Tablc 2—~Recaovery of polio virus from suspensions and fich tillers exposed to Cobalt 60

gamma irradiation

i.S;s‘:kvcx;sion of Vfﬁ;'»

mcxutat d Fish Fxl'u

Titer of DEAE

T Fiter of DEAE

Touwl irradiation sephaders cluate Tiser of fish Scphadex cluate
in kilorads ‘Tix r of suspension  of suspension ﬁltrat. of fish filirate
0 L$.2X 10‘ 4.2 X 105 ) Y 10‘ 5.3 x ¥
7§ 32X 1¢ 23X it
150 1.6 x 10¢ 1.6 1 6 X I 6> ¥
. 223 1.3 X 10¢ 2.2 % 18
* 0 7.3 x 1 4.2 X W 22x tp 93X 1ot
375 1.8 1o JI3X IR B 13 1o
350 23:x e 2.0 % - 1.7 % 10¢ 2.0 % 108
28 1.5 x 1ot 17X 108 1.6 x ot 6.3 X 103
6()0 lem‘ 1.0 X 10 ‘3)(!0 40x!0‘

1 Polio virus !_, too 1 St strain LS, 2ARIn Eaglc's hasal 1

edian with Hank saanced it buse,

3 Ning-g samples of Wisiting fish fillets inoculated with | mi of vins stock suspemsion contiining § ¥
10° plaque l‘mming units (PFUj mlpolievirustype | stram LS, 2AR,
* Mean PFU /mil of wriplicate tisration of cach simiple from three studics.,
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_Tauie 3.—iecovery of polio virus! from DEAE S-phadax columpn eluates from foods stored at 4 and 20°C

Ohe 48 hr 96 hr 168 hr

. _ Foud _¥C 0°C §C 0°C +C W0°C [ 20°C
Pork 4854 s 5.1 X 10 2.3 X 10t 1.4 X 10 N 13X 1 14X 0 2.4 X 10
Reconstituted dict

Formula 4.8 N 10 4.1 X 10 1.4 X 100 8.0 X 10t T X 10 4.5 X 105 LIX I 3.0 X 10t
Cranbwrry sauce 13X 4.0 X 10+ 2.0 X 10 3.6 X {0¢ 2.7 X 10t 2.3 X 10t 2,0 X 10t <1 X
Mayonnaise 43 X 10~ 28X ¢ X 34Xt 2.4 X 1 2.1 R 10 1.6 X 10¢ 1.6 X 10¢
Orznge juice 3.0 X 10¢ 4.2 108 62X 10+ LEX 0 S0X 16 <t X 51X 0 <l X W
Virus contyol‘ 3.0 % 1ps 3.5 X ¢ 3.5 X 1o 2.8 X 1B SO X W 24x 100 LOX 108 2 X I

s

TNine g samples of feod inoculated with 1 mi of virus stock suspension containing 5 X 107 plaque forming units (PFU)mI polio vitas tope 1 stcain LS.

IAB in Eaglt's basal medium with Hank's salt base,

? Mean PFUm! of triplicate titrations of ¢ach sample from two studies.
1 Stock virus diluted 1:10 in Hanks® balanced salt solution.

sion following 60C kilorad dosage of ir-
radiation. The food environment during
irradintion  accelerated virus loss com-
pared to loss in the Hanks' BSS suspen-
sion. Since aif food samples and suspen-
sivas were held at approximately 0°C
during irradiation, and since recovery of
virus from the nonirradiation fish filteate
and suspensions were ¢quivalent, it might
he suggested that reactions seeondary to
irradiation occurring in ne fish were det-
rimental to virus recovery.

The results of the recovery of polio
virus from the refrigerated foods sug-
gested that acidity and/or prolein content
of the food can alf2ct the recoverability of
this virus compared to recoverability from
suspensions in Hanks' 8585, Otherwice the
recovery of virus from refrigerated foods
was similar to that reported by Lynt
(1966). Similar results were oblainad
{Heidelbaugh et al., 1967} using Mengo-
virus in a sroup of four foods (ranging in
pH from 2.4 to 7.1} stored for I+ days
at 4°C. In those studies no virus could
be detected in the food having pH 2.4
(commercial cola beverage) while the
other foads retained in excess of 906 of
their original 1.2 X 10° PFU-ml titer af-
wr the storage peried. In all of these
storage studies there was no indication
that spoilage of tle foads wf oted virus
TECOVRrY,

Titers of public health significant virs
as high as those studied in this repont
probably never oceur in actual foads, Re-
ductions in virus populations of the order
of magnitude reported here may well pro-
vide ade.uate safety margins, Accurate
assessment of the impact of food pro-

cessiing cperations on the public health as-
pects of viruses in foods awaits qualita-
tive and quantitative epidemiological data
in public health food virology.

it should be emphasized thut some of
the upparent changes in virus titers fol-
towing processing operions could result
from change in the adherence of virus
particles 1o the food and/or change in
the ability of the ‘virus to form plaques
under the conditions studied. Measure of
virus recovery by micthods like those re-
ported uere is not necessatily a function
of virus infectivity. This suggests the uced
for a better method for scparation of
virus particles from fouds and the corre-
lation of the results of that method with
results of detection of virus infectivity by
feeding trials,

in the suuly of the pork and orange
juice, the use of the DEAE Sephadex col-
umn was gssential for the titration of
virus since monofayers of tissue culture
cells were frequently destroyed if the food
filirate was not purificd by passage
through the column. This study alsoe con-
firms the relatively high percentage of re-
covery of virus from filtrates passed
through a2 DEAE Sephadex column. Thiv
method of separation of infective virus
from foods wounld be useful when highly
purified cluates are desired,
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